A survey was conducted to investigate the altitudes of anaesthetists and nurses to anaesthetic pollution. In order that the results could be viewed in context, attitudes to other possible occupational hazards, including radiation exposure and work-related stress, were also investigated. Four hundred (66%) completed questionnaires were returned. All the anaesthetists (n = 81) thought that their work involved some exposure to anaesthetic gases or vapours; however, 21 (7%) of the 319 nurses believed they were not exposed although they spent some time in operating theatres or recovery rooms. Fourteen per cent of anaesthetists and 24% of nurses were 'quite concerned' or 'very concerned' about possible effects of anaesthetic pollution on their health. Levels of concern were similar for radiation exposure; however, both occupational groups expressed higher levels of concern about work-related stress. Seventeen (21 %) anaesthetists and 46 (14%) nurses reported having suffered adverse health effects which they thought were due to anaesthetic pollution. The most frequent complaints were headache and fatigue.
there was no convincing evidence of any other hazard. lo It was indicated that even the apparent increased spontaneous abortion rate could be due to reporting bias. Such bias has since been demonstrated in a postal questionnaire. 11 It therefore appears that any risk to workers (with the possible exception of pregnant women) exposed to anaesthetic pollution is slight. Furthermore, the majority of epidemiological studies were carried out in the 1970s when attention had only just focused on possible health hazards of occupational anaesthetic exposure and adequate methods for controlling such exposure were not yet implemented. Thus, the environment was perhaps conducive to biased reporting. Now that gas scavenging systems are available and generally widely used, any risk should be even less than in the past.
The absence of a consensus on this issue poses a problem for those who work in an environment where anaesthetic agents are used. Many of these people will have insufficient exposure to the literature to form a balanced opinion regarding the hazards they may face, and thus could hold views which, while supported by some literature reports, are, nevertheless, unrealistic. This has obvious dangers. For example, a person who believes anaesthetic exposure poses no hazards may not exercise adequate care in the use of anaesthetic agents or scavenging equipment, unnecessarily increasing his own exposure as well as that of others, while an extreme view in the opposite direction could lead people to ascribe normal illnesses to anaesthetic exposure, or lead to preoccupation with anaesthetic exposure at the expense of other important workplace issues.
The present survey was aimed to determine the attitudes of anaesthetists and nurses to occupational anaesthetic exposure. It should be emphasised that the survey relates only to attitudes. Thus, for example, although respondents were asked to indicate any adverse health effects they believe they have suffered as a result of anaesthetic exposure, no attempt was made to document whether such adverse effects actually occurred or whether anaesthetic exposure may have been a contributing factor. It would therefore not be appropriate to draw any conclusions relating to actual adverse health effects of anaesthetic exposure from the results; however, we may expect that respondents will be able to accurately report their perceptions of causes of illnesses they believe they have suffered.
Anaesthetic exposure is, of course, only one of a large number of occupation-related factors which may affect health or be perceived to do so. The value of the survey results would be severely limited if information relating only to anaesthetic exposure was gathered. For example, there could be a high level of concern about anaesthetic pollution, and yet this issue could be of minor importance to respondents in comparison to some other issue which was not investigated. Thus, in order to put attitudes toward anaesthetic exposure into perspective, comparable questions were asked about two other factors with potential for adverse health effects -stress and radiation exposure. In addition, in certain questions allowance was made for respondents to volunteer information about other factors which they felt were important. METHODS Ten public hospitals in South Australia were surveyed during the period March 1985 to March 1986. One of the investigators (CHS) visited each hospital and discussed the goals of the survey with the Administrator, the Director of Anaesthesia, the Director of Nursing and any other staff members as deemed appropriate for each particular hospital. With the assistance of these people, the target population in that particular hospital was identified, and a schedule was developed for distributing the questionnaires.
The target population included all anaesthetists (including specialist anaesthetists, anaesthetic registrars, and medical practitioners who administer anaesthetics) and nurses (including student nurses, enrolled nurses, registered nurses, anaesthetic nurses and charge sisters) who worked in the operating theatres, recovery room or any part of the hospital where anaesthetics are administered on any day during which the hospital was being surveyed. The period of the survey ranged from one to four weeks, depending on the size of the hospital. Persons who were absent, e.g. on annual leave, for the whole period during which a hospital was being surveyed, were not considered to be included in the target population. For each hospital, a list of people, identified by either name or number, in the target population, was prepared. This list was used only to determine response rate, the response of each individual being anonymous.
At each hospital, questionnaires were distributed to all members of the target population. A copy of the questionnaire is in Appendix A. Respondents placed the completed questionnaires in a box provided for this purpose. Respondents were not asked to put their names on the questionnaire. Unless otherwise stated, results are presented as numbers of respondents falling into each category. questionnaire from which results were obtained is given in the sub-heading.
RESULTS

Where appropriate the section of the
Response rate
Four hundred and fifty-five questionnaires were returned. Thirteen were from medical practitioners other than anaesthetists (e.g. surgeons), twenty-six were from other employment categories outside the target population (e.g. theatre orderlies), and in sixteen cases an occupation was not given. This left 400 responses from the target population, 81 from anaesthetists (the term 'anaesthetist' as used here includes specialist anaesthetists, anaesthetic registrars and medical practitioners who administer anaesthetics) and 319 from nurses (the term 'nurse' as used here includes student nurses, enrolled nurses and registered nurses). Anaesthetists were predominantly male (70 male, 11 female) while nurses were predominantly female (32 male, 283 female, 4 unknown). This should be borne in mind when interpreting later results in which responses are cross-classified according to occupation. Similar results would, in general, be obtained by cross-classifying on the basis of sex. All results presented here refer only to these 400 respondents from the target population. Entries in some tables sum to fewer than 400, as some questions were not applicable to some respondents, or answers were not given.
Response rates varied among the hospitals, ranging from 30% to 100% of the target population. The overall response rate was 66%, within -occupation rates being 70% for nurses and 53% for anaesthetists. The response rate for anaesthetists must be considered approximate and is probably an under-estimate, as anaesthetic registrars rotate over different hospitals and some may have been present at more than one hospital during a survey period.
Exposure to anaesthetic pollution (Sections 1, 3)
All of the anaesthetists thought that their work involved some exposure to anaesthetic gases or vapours. This exposure occurred mainly in the operating theatres or recovery rooms. Exposure of nurses was also mainly in these locations; however, twenty-one nurses who spent some time in these environments did not believe they were exposed to anaesthetic pollution.
Respondents were asked 'To which agents are you exposed?'. In the previous question, examples of anaesthetic gases and vapours were given; i.e. nitrous oxide, halothane, enflurane, trichloroethylene, methoxyflurane. Fifty respondents indicated they were exposed to 'all of the above' (or similar wording) and this response was taken at face value. Halothane, enflurane and nitrous oxide were the most common responses; all other agents were included in a category called 'other agents'. No anaesthetist, and 17 nurses, did not know to which agents they were exposed. Results are shown in Table 1 .
Concern about potential occupational hazards (Section 5)
Respondents were asked to 'please mark the box which best describes your feelings about possible effects of occupational factors on Table 2 .
It can be seen that the distribution of concern is similar for anaesthetics and radiation, but that concern about the effects of stress is somewhat greater. This conclusion is born out by comparing the relative rankings given to the factors by each individual. In these within-subject comparisons, 80 respondents were more concerned about anaesthetics than radiation, while 95 were more concerned about radiation than anaesthetics. In comparing concern about anaesthetics with concern about stress, only 88 ranked anaesthetics higher, while 163 ranked stress as of more concern.
'Other factors' were generally rated as of more concern than anaesthetics, radiation or stress. This is to be expected, as these factors were volunteered by the respondents, who would not have noted them unless they were a cause of some concern. These other factors will be discussed further.
In order to simplify comparisons oflevels of concern among various sub-groups, a 'concern score' was computed. For this purpose, a value of zero was assigned to 'not concerned', 1 to 'slightly concerned', etc. up to 4 for 'very concerned'. The mean of these assigned numbers for any sub-group was defined as the concern score for that sub-group.
In Table 3 , concern scores are used to summarise the relationship between age and level of concern. As only one respondent was aged over 60, the top two age categories have been combined.
Although sample sizes are small in some sub-groups, these results suggest that younger respondents were more concerned about the possible effects of occupational factors on their health. It is also apparent that the higher levels of concern shown by nurses can be at least partly explained by nurses being generally younger than anaesthetists. For Relationship between age and concern score Table entries are concern scores for each sub-group, with the number of respondents in parentheses. Concern scores were computed by assigning a value of 0 to 'not concerned', I to 'slightly concerned', 2 to 'moderately concerned', 3 to 'quite concerned' and 4 to 'very Anaesthetists Nurses example, direct standardisation 12 of concern scores for anaesthetic pollution, using the age distribution of the combined sample as a standard, yields age-adjusted concern scores of 1.61 for anaesthetists and 1.60 for nurses. Forty-eight respondents noted concern about the effects of 'other factors' on their health. Many of these expressed concern about more than one 'other factor'. Factors which were most often mentioned were risk of infection (21 respondents, AIDS and hepatitis B often being specified), exposure to cleaning or disinfecting agents (13 respondents, ethylene oxide and agents containing chlorine or glutaraldehyde being mentioned), long working hours or understaffing (7 respondents) and vapours of bone cement (5 respondents).
Occupation-related health problems (Section 6)
Seventeen anaesthetists and 46 nurses reported having suffered adverse health effects, mainly fatigue (25 cases) and headache (25 cases) due to anaesthetic exposure. No anaesthetists and 4 nurses reported adverse effects due to radiation, while 24 anaesthetists and 112 nurses reported suffering adverse effects due to stress, primarily headache (49 cases) and psychological or social problems (48 cases). Psychological and social problems included irritability, insomnia and insufficient time to spend with family.
Ten anaesthetists and 29 nurses reported having suffered adverse health effects due to 'other factors'. Back injury, infections and toxic effects of cleaning and sterilising agents ('chlorine', alcoholic chlorhexidine, and glutaraldehyde-containing preparations) were each mentioned by five respondents.
Where adverse effects were reported, respondents generally had a high degree of confidence that the factor blamed had played a role. Results for the major categories are shown in Table 4 .
Of the more serious adverse health effects, only miscarriage was reported with any frequency. Six respondents reported suffering one or more miscarriages, to which anaesthetic exposure was thought to have contributed. The respondents stated degree of confidence that anaesthetic exposure had actually contributed ranged from 5% to 80%.
Perception of health hazards (Section 7)
Respondents were asked whether they thought working near sources of radiation, working with anaesthetics, or working under conditions of stress posed significant health hazards. Stress was the factor most often thought to pose health hazards by both anaesthetists and nurses (91 % and 82%, respectively). The proportion of respondents who felt that radiation posed significant hazards was somewhat smaller (70% of anaesthetists, 78% of nurses), while only 65% of anaesthetists and 61 % of nurses felt that working with anaesthetics posed a health hazard.
Those respondents who felt that these factors posed a hazard were asked the nature of the hazard. In the case of perceived hazards due to anaesthetics, these were categorised into three groups. The first group consisted of hazards for which there is some evidence in the literature, either from animal studies or epidemiological studies; for example, liver injury, kidney injury, foetotoxicity, teratogenicity, headaches and lethargy. These hazards were classed as 'realistic'. Of the 206 respondents who answered this question, 190 fell into this category. The second category was for responses considered 'not unrealistic'. Into this category were placed those responses which, while unsupported by the published literature, suggest that the respondent had some understanding of the sort of hazards which might be posed. Responses were also placed in this category if they were not overtly unrealistic, but were too vague to suggest a clear understanding of the potential problems. Seven respondents fell into this category. Responses here included sterility, cell toxicity, memory loss and accumulation of anaesthetics in the body. The third category was of hazards considered to be 'unrealistic', i.e. not supported by any published reports or suggesting that the respondent had any understanding of the possible hazards. Seven respondents fell into this category. Four of these mentioned respiratory or chest problems.
Many respondents, including some who felt anaesthetic exposure did not pose a significant health hazard, gave interesting comments in this section. Nine respondents (six nurses, three anaesthetists) did not believe anaesthetic pollution posed a health hazard because scavenging equipment was used. A further nine (eight nurses, one anaesthetist) said they didn't know whether there was any health hazard, while ten (seven nurses, three anaesthetists) indicated that the hazards, if any, were unknown.
DISCUSSION
The results of this survey show that anaesthetic pollution is an area of concern, but not a major area of concern, among exposed anaesthetists and nurses. The majority of respondents recognised that anaesthetic pollution did occur, and appeared to have an informed and realistic attitude towards it. Some problems, however, were identified, and these are outlined below.
Lack of awareness
Twenty-one nurses spent some time in operating theatres or recovery rooms, but did not believe they were exposed to anaesthetic gases or vapours. In fact, it is almost certain that they would have experienced such exposure. Furthermore, seventeen nurses who believed they were exposed to anaesthetic pollution did not know to which agents they were exposed. This figure may be an underestimate, as many respondents said they were exposed to 'all of the above' agents, which included trichloroethylene and methoxyflurane, agents not now commonly used in South Australia. Clearly, all persons working in operating theatres, recovery rooms or other environments in which anaesthetic pollution may be present should be aware of their possible exposure, and should know to which agents they may be exposed.
Perceived adverse effects on health
Sixty-three (16%) respondents believed they had suffered adverse health effects caused by or contributed to by anaesthetic exposure. These were mostly minor complaints, such as headache and fatigue, which people in any occupation might suffer from various causes, and indeed, many more (34%) respondents had suffered ill-effects which they believed were due to stress. However, it is quite possible to reduce anaesthetic pollution to levels at which adverse effects are highly unlikely. Our results suggest either that this is not being achieved, or that some exposed personnel do not believe it is being achieved. More active programmes of pollution monitoring and control would help to reduce both of these problems.
Of particular concern, six respondents believed that anaesthetic pollution had caused or contributed to miscarriages. This is of significance because some epidemiological studies 407 as well as recent animal studies l3 ,14 suggest that nitrous oxide is foetotoxic. In 1978, the South Australian Director-General of Medical Services recommended that pregnant women should not work in the operating theatre suite. 15 It was evident that this recommendation was not being universally followed.
Misinformation about hazards of anaesthetic pollution
Only seven respondents were judged to have major misconceptions about the types of hazards which may be associated with anaesthetic exposure. However, nine indicated that they didn't know whether there were any hazards. It is our view that the training of nurses and anaesthetists should include exposure to current views on the hazards of anaesthetic pollution and other occupational hazards of the theatre environment.
Nine respondents volunteered their opinion that there was no hazard due to anaesthetic pollution because scavenging equipment was being used. A highly successful programme in the late 1970s led to widespread introduction of scavenging equipment in South Australia, and unquestionably this represented a major advance in control of anaesthetic pollution. However, use of scavenging equipment is only one aspect of the good anaesthetic practice necessary to ensure effective reduction in exposure to waste anaesthetic gases. 16 Exposure of personnel to anaesthetic pollution is a problem we will continue to face as long as volatile or gaseous anaesthetic agents are in use. While not a major concern to anaesthetists and nurses, many perceive anaesthetic pollution as a threat to their health. Improved education, monitoring and control will reduce any real, as well as the perceived, danger. Thank you for taking the time to complete this questionnaire.
